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(57) ABSTRACT 

A method and an apparatus provide for controlled access to a 
shared communication medium. Time slots on a forward 
channel include information regarding status useful for 
remote units to determine Whether a reverse channel is avail 
able for seizure. Additionally, information along the forWard 
channel provides guidance to the remote units to control 
attempts to seiZe the reverse channel. In one embodiment a 
remote unit divides a data package into a plurality of portions 
and attempts to seiZe the reverse channel using a single por 
tion of the data package Which corresponds to one time slot on 
the reverse channel. It then Waits until it receives noti?cation 
along the forWard channel that the ?rst data portion Was 
successfully received before it attempts to send any of the 
remainder of its data in consecutive time slots on the reverse 
channel. 

16 Claims, 14 Drawing Sheets 
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METHOD AND APPARATUS FOR 
CONTROLLING ACCESS TO A 
COMMUNICATION CHANNEL 

The present application is a continuation of US. patent 
application Ser. No. 11/195,876 ?led Aug. 3, 2005; Which is 
a continuation of US. patent application Ser. No. 09/784,979 
?led Feb. 16, 2001, Which is a continuation of US. patent 
application Ser. No. 09/603,496 ?led Mar. 31, 2000, Which is 
a divisional of US. patent application Ser. No. 09/373,788 
?led Aug. 13, 1999, Which is a continuation ofU.S. applica 
tion Ser. No. 09/148,315, ?led Sep. 4, 1998. The content of 
each of these applications is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention is directed to a method and apparatus 
for controlling access to a communication channel. In par 
ticular, the present invention provides method and apparatus 
by Which multiple users can coordinate their use of a shared 
transmission medium. 

BACKGROUND 

It is Well knoWn in the art to provide a transmission medium 
to be shared by a plurality of communication devices. One 
example of an arrangement Which relies on such sharing of 
communication resources is a Wireless communication sys 
tem. One commonly knoWn Wireless communication system 
comprises Wireless mobile netWorks Wherein users having 
communication devices may move throughout Wireless com 
munication service areas and conduct communications via 
over the air links. Yet another Wireless communication con 
?guration has been proposed as an alternative to Wireline 
communications that provide local access to telephone 
sWitching netWorks. For example, it has been proposed to 
provide an arrangement referred to as “?xed Wireless” by 
Which homes or locations could be provided With a remote 
unit or terminal that enables the transmission and receipt of 
Wireless communications, as an alternative or an adjunct to a 
Wireline connection to a local exchange carrier. The remote 
unit Would communicate With a base station via an air link to 
provide access to a local telephone netWork. 
An example of a ?xed Wireless con?guration is illustrated 

in block diagram form in FIG. 1. In this arrangement a base 
station 100 is coupled to a local sWitch Which can include, for 
example, a No. 5 ESS provided by Lucent Technologies and/ 
or other components such as a local sWitch 120. The local 
sWitch could be a voice sWitch or a data sWitch. The base 
station includes a transmitter, a receiver and a sWitch inter 
face. The transmitter and receiver act as an air link interface to 
a plurality of remote units for example remote units 111, 112, 
113, 114 and 115. The base station also includes certain 
processing and memory capabilities Which control the opera 
tion of the base station in accordance With the methods and 
techniques described beloW. The remote units can be coupled 
to various communication devices such as telephones in the 
case of remote units 111, 113 and 114, a computer and 
modem in the case of remote unit 112 and a fax machine in the 
case of remote unit 115. The remote units also include trans 
mission and receiver elements Which act as an air link inter 
face to the base station. Furthermore, a remote unit includes a 
processor and a memory Which together control the air link 
interface in accordance With the type of communication 
device connected to the remote unit as Well as in accordance 
With the methods and techniques of the present invention as 
described beloW. 
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2 
In a con?guration knoWn prior to the present invention the 

base station communicated to remote units using a forWard 
channel comprising a plurality of time slots such as that 
illustrated in FIG. 3. In the illustration, eight of those time 
slots, T A to T H, are shoWn as consecutive time slots along the 
forWard channel. When the base station transmits these time 
slots over the air link, all of the remote units serviced by the 
base station receive these time slots and can process them 
accordingly. In addition to the forWard channel of FIG. 3, the 
air link that carries communications to the base station from 
the remote units is a shared resource referred to as the reverse 
channel. This shared resource also utiliZes a plurality of time 
slots, some of Which are shoWn in FIG. 2 as time slots T 1 to T8, 
for carrying information from various remote units to the base 
station. 
A problem arises in this con?guration in that as remote 

units detect that the reverse channel is free, multiple remote 
units may attempt to seiZe the reverse channel by transmitting 
data in the same time slots on the reverse channel. This 
problem Will be better understood With reference to FIG. 4. 

The time slots on the forWard channel in FIG. 4 contain at 
least tWo bits of information. One bit labeled the B/I (busy/ 
idle) bit provides status information as to Whether the base 
station is capable of receiving data in a time slot along the 
reverse channel. Equivalently, this is an indication that the 
reverse channel is free for use by one of the remote units. In 
one example if the B/I bit is “0” this indicates that the base 
station is idle or the reverse channel is free While if the B/I bit 
is equal to “1” then this indicates that the base station is busy 
or the reverse channel is not available. A second bit, the D bit, 
is directed to the status of Whether the base station has suc 
cessfully decoded the data in a received time slot. A failure to 
decode received data may result from either a collision of tWo 
remote units inserting data into the same time slot or from 
other transmission errors. Again, for purposes of this appli 
cation When the D bit equals “0” this means that the base 
station has not successfully received the data in the time slot 
and When the decode bit equals “1” this means that the base 
station has successfully decoded and hence successfully 
received data from one of the remote units. In the example 
shoWn in FIG. 4 time slots T B andTChave bits B/I and D equal 
to Zero. If a remote unit notes that the B/I bit is Zero, then it 
understands that the base station is accessible. In this instance 
remote unit one (RU1) attempts to transmit data in a time slot 
T3. This time slot must be propagated to the base station, 
processed by the base station and then a responding time slot 
transferred back along the forWard channel to the remote 
units. 
The time betWeen a remote unit’s transmission of a data 

packet in a time slot on the reverse channel and receipt of a 
response to that transmission by the remote unit is referred to 
as a “round-trip” time interval. From system to system the 
“round trip” time interval may vary depending on the hard 
Ware and softWare implementations. Within a given system 
hoWever, it is presumed that this delay interval is ?xed and is 
knoWn to the base station and the associated remote units. 
An example of the round trip time interval is illustrated in 

FIG. 4 by the fact that the B and D bits in the time slots on the 
forWard channel remain as Zero for tWo time slots (T D and T E) 
beyond the ?rst time slot in Which RU1 transmits data, 
namely time slot T3. It is not until T F that there is any indica 
tion that data from the remote unit has been received at the 
base station. In this instance time slot TF indicates that the 
data in time slot T3 has been successfully decoded. 

Problems can arise because of the round trip delay. Despite 
the fact that RU1 has attempted to seiZe the reverse channel in 
time slot T3, remote unit 2 (RU2) believes, based on the 
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contents of time slots T D and T E, that the resources, (namely 
the reverse channel and the base station) are available to 
receive data packets from RU2. As a consequence, RU2 may 
elect to transmit its data package starting in time slot T4. If 
that occurs then data from both remote units RU1 and RU2 
may appear in time slots T4 and T5 for instance. If one of those 
sets of data is not received With signi?cantly more poWer than 
the other then it is likely that the data in time slots T4 and T5 
Will not be successfully decoded. This fact is re?ected in time 
slots TG and TH Where the B/I bit is set to “l” but the D bit is 
set to “0”. 

Additional delay can appear in the systems as Well if the 
time necessary for the remote unit to process a response is not 
negligible in comparison. For example, assume that three 
reverse channel time slots elapse before the remote unit can 
act on information received in a forWard channel time slot. In 
such a case, referring to FIG. 4, if RU1 had data available for 
transmission at time T 1 and T A had the B/I at “0”, RU1 Would 
not transmit data until slot T4 because it Would take RU1 time 
slots T 1 to T3 to process the information in slot T A. 

It Would be bene?cial to provide the ability to control the 
plurality of remote units so as to reduce the likelihood of 
collision. By reducing the likelihood of collision more of the 
reverse channel time slots can be used to successfully trans 
mit data to the base station. 

SUMMARY OF THE INVENTION 

The present invention provides method and apparatus for 
controlling attempts to seiZe a shared communication chan 
nel. In particular, the present invention provides a technique 
by Which time slot allocation along a transmission medium 
can be better managed. 

In one embodiment of the present invention a remote unit 
monitors the forWard channel to detect the status of the 
reverse channel. When it detects that the reverse channel is 
free or that the base station is idle, then it sends a ?rst data 
portion of a data package Wherein the ?rst data portion takes 
up only one time slot on the reverse channel. The remote unit 
then continues to monitor the forWard channel to determine 
tWo pieces of information. First it determines Whether in time 
slots that precede a round trip time slot, there is any indication 
that any other remote units have transmitted data prior to this 
remote unit’s transmission of a single time slot. The second 
piece of information Which is detected is the status of bits in 
the round trip time slot on the forWard channel Which indicate 
Whether the data transmission from the remote unit Was suc 
cessful. If it is determined that no other remote units have 
transmitted immediately prior to the given remote unit’s 
transmission, and the initial data portion has been success 
fully received by the base station, then the remote unit begins 
transmission of the remainder of the data package in a plu 
rality of slots along the reverse channel. If the remote unit 
detects, hoWever, that either another remote unit has trans 
mitted a data package immediately prior to the given remote 
unit or the ?rst data portion Was not successfully received, 
then the remote unit Will begin to look for idle status in a time 
slot on the forWard channel before it attempts to send data to 
the base station. 

The method of the present invention enhances throughput 
on the reverse channel by reducing the number of collisions 
that occur on the reverse channel. A remote unit only trans 
mits a small portion, a single time slot, of its data package in 
an attempt to seiZe control of the reverse channel. It then 
transmits the remainder of its data after it has determined that 
it has seiZed the channel. The remainder of the data can be in 
consecutive time slots as in some orderly arrangement or 
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4 
pattern of time slots. Thus, collisions are reduced to those 
time portions Where single data packages or time slots 
attempt to seiZe control of the reverse channel at the same 
time. 

In a variation of the present invention, the remote unit again 
delays the transmission of the remainder of the data package 
until it has seiZed control of the reverse channel. In addition, 
in an effort to reduce the number of time slots lost due to the 
round trip delay, once a remote unit begins to transmit the 
remainder of its data package, each time slot in the transmis 
sion indicates Whether the remaining portion of the data pack 
age is greater than the round trip interval. This can be accom 
plished With a ?ag or other indicator in the time slot on the 
reverse channel. When the base station receives a time slot 
that indicates that the remaining portion of the data package is 
less than the round trip delay, then the base station Will change 
the busy/ idle status to indicate that the reverse channel is free 
and the base station is idle even though additional time slots 
of data have yet to be received from the remote unit. This look 
ahead capability provides that almost immediately contem 
poraneous With the completion of the transmission from the 
remote unit Which had seiZed the reverse channel, all of the 
remote units receive an indication that the reverse channel is 
noW free. This avoids inef?ciencies that might otherWise arise 
from a plurality of time slots going unused on the reverse 
channel due to the round trip time interval that occurs after the 
transmission of the last portion of a data message from a ?rst 
remote unit. 

In yet another variation of the present invention the remote 
units can keep track of their priority for seiZing the reverse 
channel. In accordance With this variation, a remote unit 
monitors the time slots betWeen the transmission of a ?rst data 
portion and the round trip time slot associated With that trans 
mission and determines hoW many of those time slots indicate 
that a data portion has been successfully received at the base 
station. Each time a time slot includes such an indication this 
means that there is one additional remote unit ahead of the 
monitoring remote unit in line for seiZing the reverse channel. 
Following the expiration of the round trip interval, assuming 
that the round trip time slot on the forWard channel indicates 
that the remote unit’s ?rst data portion Was successfully 
received, the remote unit then monitors each occurrence of an 
indication that a transmission has ended. These indicators are 
also provided in time slots on the forWard channel by the base 
station. Each occurrence of an end of transmission results in 
decrementing the count of remote units having priority over 
the given remote unit by one. Eventually the remote unit 
determines that it is next in line to seiZe the reverse channel 
When status indicators indicate that the reverse channel is 
available. This last variation of the present invention can be 
modi?ed to include the look ahead notion of the ?rst variation 
so that the remote unit Will not only keep track of its place in 
line for seiZing the reverse channel, but it Will seiZe the 
reverse channel in approximately the ?rst time slot available 
on the reverse channel. 

These methods and the apparatus for implementing these 
methods provide improved throughput along a shared com 
munication medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in block diagram form a Wireless netWork 
con?guration in Which the present invention may be 
employed. 

FIGS. 2 to 4 illustrate time slot representations of commu 
nication media for purposes of describing knoWn transmis 
sion schemes. 
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FIG. 5 provides a time slot representation of transmissions 
along communication media in accordance With a ?rst 
embodiment of the present invention. 

FIG. 6 illustrates a time slot representation of transmis 
sions along communication media in accordance With a varia 
tion of the present invention. 

FIG. 7 illustrates a time slot representation of transmis 
sions along communication media in accordance With a sec 
ond variation of the present invention. 

FIG. 8 provides a ?oW diagram for a process in accordance 
With the present invention Which may be implemented at a 
remote unit to provide the communications illustrated in FIG. 
6. 

FIG. 9 provides a ?oW chart describing a process Which 
may be performed at a base station to effect the communica 
tions illustrated in FIG. 5. 

FIGS. 10 to 12 provide ?oW diagrams for describing a 
process that can be implemented at a remote unit to effect the 
communications illustrated in FIG. 6. 

FIG. 13 provides a ?oW chart describing a process that can 
be implemented at a base station to effect the communications 
illustrated in FIG. 6. 

FIGS. 14 and 15 illustrate a ?oW chart for describing a 
process Which can be implemented at a remote unit to effect 
the communications illustrated in FIG. 7. 

FIG. 16 illustrates a ?oW chart for a process Which can be 
implemented at a base station for effecting the communica 
tions illustrated in FIG. 7. 

FIG. 17 illustrates a time slot representation of transmis 
sions along communication media in accordance With yet 
another variation of the present invention. 

DETAILED DESCRIPTION 

The present invention provides an improved control of 
remote unit attempts to seiZe a shared communication 
medium such as a reverse channel in an air link such as that 
shoWn in FIG. 1. A description of hoW the time slot contents 
re?ect the implementation of the present invention Will ?rst 
be described With respect to FIG. 5 and then processes for 
effecting these time slot assignments in the remote unit and 
the base station Will be described With reference to FIGS. 8 
and 9. 
As shoWn in FIG. 5 there is a forWard channel Which carries 

transmissions from the base station to the plurality of remote 
units.A number of time slots, T A to T L are illustrated. As in the 
prior art referred to With regard to FIG. 4, each time slot on the 
forWard channel includes at least tWo ?ags, here shoWn as the 
B/I bit and the D bit. The B/I bit is representative of the 
busy/idle status of the base station and/or the reverse channel. 
The D bit is indicative of Whether data received in a time slot 
has been successfully decoded. In the exemplary implemen 
tation it is presumed that the round trip time slot interval, that 
is the number of time slots that elapse during the time it takes 
for a time slot on the reverse channel to be propagated to the 
base station, processed at the base station and a return time 
slot on the forWard channel propagated to the remote unit and 
processed by that unit is presumed to be three time slots. In 
this example the round trip time slot is that time slot that arises 
after all of the processing of a received package data slot is 
completed. Alternatively, the base station might be able to 
detect receipt of a time slot more quickly than it decodes the 
slot. In such a case the shortest round trip time interval Would 
correspond to the time slot at Which the B/I bit can be changed 
by the base station While a longer round trip time interval 
Would correspond to the time slot in Which the base station 
indicates the successfulness of the decode attempt. The num 
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6 
ber of time slots could vary from system to system but Within 
a system is considered ?xed and knoWn to all terminals. The 
length of the round trip time interval can be dependent on the 
time for propagation or the time for processing. In one 
embodiment of a Wireless netWork con?guration such as that 
shoWn in FIG. 1 it is presumed that the processing time at the 
base station is far more dominant than the propagation time. 
In such a circumstance then the location of the remote unit 
vis-a-vis the base station is not important and it can be pre 
sumed that all of the remote units serviced by the base station 
Will see the same round trip interval, here three time slots. 

In this embodiment of the present invention When remote 
unit RU1 detects that the B/I and D bits are equal to Zero, 
thereby indicating the availability of the reverse channel, such 
as in time slot TC, the RU1 sends a ?rst portion of a data 
package Which it Wishes to transmit to the base station. The 
?rst portion corresponds to one time slot, here T3, in the 
reverse channel. The remainder of the data package Which is 
to be sent to the base station is held back at RU1 until that 
remote unit is certain that it can send the remainder of the data 
package. The remote unit then monitors the time slots along 
the forWard channel during the round trip time interval, here 
time slots TD, TE and TF. In time slots TD and TE the B/I bit 
and the D bit both remain in the Zero state thereby continuing 
to re?ect an availability of the reverse channel. ForWard time 
slot T F representing the round trip time slot for the reverse 
channel time slot T3, indicates that the data in slot T3 trans 
mitted by remote unit RU1 Was successfully received at the 
base station and the status of the base station/reverse channel 
has been changed as Well, as re?ected by the fact that the B/ I 
bit and the D bit noW contain the value “1”. Then, since RU1 
detects that its ?rst data package has been successfully 
received based on the contents in time slot TF and that no 
other remote unit had attempted to seiZe the reverse channel 
prior to RU1, as evidenced by the content of time slots TD and 
T E, RU1 begins to transmit the remainder of its data package 
in a plurality of portions over a plurality of time slots such as 
consecutive time slot T6 to T8. 

It is Worth noting that in this embodiment the processing 
time at the remote unit is presumed to be insigni?cant such 
that RU1 begins transmitting the remainder of its data pack 
age at a time slot nearly contemporaneous With the appear 
ance of information in time slot TF. 
A different scenario is illustrated in FIG. 17 Where it is 

presumed that the base station processing time, the remote 
unit processing time are nearly equal and determined to be 3 
time slots. If the base station has a B/I bit status of idle, RU1 
has a data package available at time T1, RU2 has a data 
package available at time T2 and RU3 has a data package 
available at T9 the folloWing occur: 

1. RU1 sends one time slot of data at time slot T4. 

2. RU2 sends one time slot of data at time slot T5. 

3. At TG on the forWard channel the remote unit sets B/ I as 
busy and the decode bit indicates “successful”. 

4. At Tl0 RU1 completes processing of the data of TG 
begins to send the rest of its data package. 

5. At T H on the forWard channel the remote unit sets B/ I as 
busy and the decode bit indicates successful. 

6. At Tl0 RU1 completes processing of the data of TG and 
aborts its transmission because it determines some other 
remote unit has successfully seiZed the channel. 

Without modi?cation the B/I bit on the forWard channel 
Would revert to idle status at T1 in the absence of any trans 
mission in T6 on the reverse channel. If this happens then 
RU3, sensing idle status, Would attempt to transmit a ?rst 
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portion of data in time slot T12. Unfortunately, this is during 
the block of time slots that RUl is using to send the remainder 
of its data package. 

To remedy this the base station can, upon receipt of a ?rst 
portion of data, such as the data T4, arti?cially set all of the 
following forward channel B/ I bits starting at TG to “high” to 
indicate busy, even in the absence of data in a slot on the 
reverse channel. This could be implemented in the base sta 
tion using a counter. In this implementation When the base 
station detects a status change from idle to busy it automati 
cally sets the B/I bit “high” and keeps it high for a time period 
of at least one round trip interval. Then it alloWs the B/I bit to 
?oat to re?ect the actual status of the reverse channel. If this 
Was implemented then the base station Would hold B/ I high 
for T 1 and RU3 Would not attempt to transmit its ?rst portion 
of data While RUl Was transmitting its remaining portions. 

To accommodate this remedy the data packets can be con 
structed by the remote units such that the base station can 
distinguish betWeen “?rst-portion” data and remainder data. 

Also, note that in the arrangement of FIG. 5, because of the 
B/I bit status in time slot T D, remote unit RU2 believes that the 
reverse channel is available and sends a ?rst portion of its oWn 
data package to the base station. Successful receipt of that 
data package is indicated by the ?ag states in forWard channel 
time slot TG. RU2, despite this indication in time slot TG, does 
not begin to transmit the remainder of its data package in time 
slot T7 because RU2 has detected that another remote unit has 
seiZed the channel before RU2. It detects this from the con 
tents of the time slots Within the round trip interval after its 
transmission in time slot T4. More speci?cally, time slot TF, 
Which precedes TG the round trip time slot for T4, re?ects the 
fact that another remote unit, here RUl, has successfully 
seiZed the reverse channel prior to RU2. Thus, RU2 holds off 
any further transmissions until such time as it is advised that 
the reverse channel is available. 

The time slot illustration in FIG. 5 also illustrates the 
occurrence of a collision in time slot T5 Wherein remote unit 
RU3 and remote unit RU4 believe, based on the content of the 
?ags in times slot TE that the reverse channel is available. 
Both remote units attempt to transmit. The round trip time slot 
on the forWard channel corresponding to T5, that is, T H, 
hereby re?ects that the reverse channel is busy (B/ I bit is “l”), 
but the received data Was not successfully decoded and thus 
the transmissions by RU3 and RU4 Were not successfully 
received by the base station. RU3 and RU4 take note of this 
fact, and implement a re-try strategy as described beloW. RUl 
and RU2 may ignore the decode failure ?ag that re?ects the 
collision of the initial slot transmission of RU3 and RU4 since 
the failure ?ag occurs in the middle of RUl’s and RU2’s 
respective round trip delay during Which they understand that 
they are not sending anything requiring successful decoding. 

The Wireless system in Which the present invention is 
employed should be designed to address the occurrence of 
collisions and failed attempts to seiZe the reverse channel. 
This can be done by implementing a speci?c re-try strategy. 
The particulars of such a strategy may be developed given 
design trade-offs that are of concern to the service provider, 
but such particulars do not limit the application of the present 
invention. 

In one re-try strategy that might be employed, data sent 
from a remote unit may be sequentially and source identi? 
able, such as by stamping each slot of data With information 
identifying the sender and sequence number of the slot in the 
order is Was intended to leave the sender, then the base and 
remote unit may use successfully transmitted initial slots and 
supplement those slots With remaining data at any time the 
remote unit is again able to regain channel access. In this case, 
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8 
for example, since the ?rst portion of the data package to be 
transmitted by RU2 has been successfully received by the 
base station, RU2 need not retransmit its ?rst data portion. 
Instead, When RU2 detects that the reverse channel is avail 
able it may again attempt to seiZe the reverse channel using a 
second portion of its data package. That is, the an entire batch 
of slots can be incrementally transmitted using any combina 
tion of initial slots and groups of slots folloWing seiZure. 

According to another re-try strategy, data sent from a 
remote unit may be less strongly identi?ed, i.e., if a base 
receives data in slot 10 and at a later time the sending remote 
unit ?nally succeeds in regaining channel access and sends 
the remaining data in slots 125 to 130, the base has no Way of 
associating the disjoint bursts and reforming the original 
complete transmission and associating it With the sending 
remote unit. In this case, an entire batch of slots is retrans 
mitted starting from the ?rst slot of a batch if any failure 
occurs. In general, either of the above framing and retry 
strategies, or others, may be used With the access approach 
described herein. 

In the example of FIG. 5 the reverse channel time slots 
during the round trip interval (T4 and T5) are ?lled by other 
remote units. If, hoWever, those channels Were empty, their 
corresponding round trip time slots on the forWard channel 
(TG and TH) Would have B/I bits indicating idle states. If so 
then a remote unit other than RUl might attempt to transmit 
in either T7 or T8 Which could disturb RUl ’ s transmission. To 
avoid this problem the system can incorporate the earlier 
described notion of forcing the B/ I bit high upon detection of 
the ?rst time slot from RUl. More particularly, the base 
station, upon receipt of RU 1’s ?rst data packet forces the B/ I 
bit high for the corresponding round trip time slot plus a 
number of additional time slots equal to the round trip time 
interval. Thus, even in the absence of data in timeslots T4 and 
T5 on the reverse channel, the B/ I bits in forWard channel slots 
TG and T H Would still indicate a busy status. 

FIG. 8 provides a ?oW chart of a process that can be 
implemented at a remote unit for effecting the time slot con 
trol illustrated in FIG. 5. The remote unit in question herein 
after referred to as the ?rst remote unit for ease of reference, 
monitors the B/I bit in forWard channel time slots, step 800. 
The ?rst remote unit detects Whether the B/ I bit indicates an 
idle status re?ecting the availability of the reverse channel 
and/or the base station, step 801. If that bit does not indicate 
idle then the ?rst remote unit merely monitors the B/I bit of 
the next time slot thus returning to step 800. If the B/I bit does 
indicate an idle status then the ?rst remote unit sends a ?rst 
data portion of a ?rst data package in a time slot on the reverse 
channel, step 802. The ?rst remote unit then monitors the next 
time slot on the forWard channel, step 803. It detects Whether 
the Decode bit indicates success, step 804. If it detects success 
then a counterA, previously initialiZed to “0”, is incremented 
by one in step 805. This counter is used to indicate Whether 
there have been any occurrences of the base station receiving 
data from a remote unit other than the ?rst remote unit prior to 
receiving the ?rst data portion send in step 802. Whether or 
not the decode bit indicates success, another counter, counter 
B (previously initialiZed to “0”) is incremented by one. This 
counter keeps track of the number of time slots that have 
transpired along the forWard channel since the transmission 
of the ?rst data portion along the reverse channel. This takes 
place in step 806. The value of counter B is compared to the 
knoWn round trip interval, here three time slots, step 807. If 
the counter has not reached the round trip interval then the 
?rst remote unit has not yet received the round trip time slot 
that corresponds to a response to the transmission of the ?rst 
data portion on the reverse channel, thus the operation goes 



US 7,88l,328 B2 
9 

back to step 803 to continue monitoring time slots occurring 
Within the round trip time interval. If, however, the counter B 
indicates that the last time slot received corresponds to the 
round trip time slot then the remote unit determines Whether 
the value of counterA exceeds one. If the value is greater than 
one, this indicates that another remote unit has seiZed the 
reverse channel prior to the transmission of the ?rst data 
portion in step 802. Thus, the remote unit then implements the 
pre-determined re-try strategy, step 811. If the counter is not 
greater than one in step 808 then the remote unit checks the 
round trip time slot to determine Whether the ?rst data portion 
transmitted in step 802 has been successfully received Which 
can be indicated by the status of the D ?ag in the time slot on 
the forWard channel. This checking operation is performed in 
step 810. If it is detected that the data portion Was not suc 
ces sfully received then the remote unit can implement the 
predetermined re-try strategy, step 811. If, on the other hand, 
the ?rst data portion Was successfully received then the ?rst 
remote unit determines that it has successfully seiZed the 
reverse channel and begins to send remaining portions of the 
data package, if any, in time slots on the reverse channel. The 
remote unit continues monitoring the state of the busy/idle 
and decode success ?ags after the remote unit transmission 
terminates for a duration equal to the respective ?ags’ round 
trip delays, step 812. Any negative indication, such as decode 
failure or premature idle, is taken as an indication of failure of 
one of the last transmitted slots. This causes the remote unit to 
enter a retransmission phase, subject to the predetermined 
re-try strategy. 

FIG. 9 illustrates a ?oW chart for implementing the process 
of the present invention in the base station so as to effect the 
time slot transmissions illustrated in FIG. 5 incorporating the 
notion of forcing the B/ I bit high upon detection of a ?rst data 
packet from a remote unit. The base station continuously 
monitors time slots on the reverse channel, step 900. The base 
unit determines Whether data has been received on and idle 
channel and Whether the B/I bit is not already forced high, 
step 901. If the ansWer is yet the base station then forces the 
B/I bit high for a period of time corresponding to a round trip 
time interval, step 902. If the ansWer is no, or after step 902, 
the base station notes Whether the time slot contains data, step 
903. If not, it sets the B/ I to indicate idle status if the B/I is not 
forced high and transmits the time slot on the forWard chan 
nel, step 904. If the time slot does contain data then the base 
station attempts to decode the data, step 905. If the decode 
operation is successful as detected in step 904, the base sta 
tion transmits a time slot on the forWard channel With the B/ I 
bit indicating busy and the D code bit indicating success, step 
907. If the decode Was unsuccessful then the base station 
transmits a time slot on the forWard channel With the B/ I bit 
indicating busy and the decode bit indicating failure, step 908. 

Thus, in accordance With this embodiment of the present 
invention the transmission of data along a plurality of time 
slots on a shared communication medium, Which in one 
example can be a Wireless air link, the remote units send only 
a very small portion of a data package in an attempt to seiZe 
control of the communication channel. This delaying of the 
transmission of the major portion of the data package reduces 
the number of time slots that are lost due to collisions. This 
improves the throughput and the usage ef?ciency for the 
shared communication medium. 

While the embodiment of the present invention provides an 
improvement over knoWn con?gurations for seiZing the com 
mon communication channel, time slots on the reverse chan 
nel can still be lost due to ine?iciencies. For example, refer 
ring to FIG. 5, When the data package of RU1, Which takes up 
time slots T6 to T8, is complete, it is not until time slot T L in the 
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forWard channel that there is an indication that the reverse 
channel is available. This indication arises When the B/I bit 
and D bit of the forWard channel time slot are reset to Zero. In 
the meantime, namely time slots T9 to Tll slip through as 
unused largely as a consequence of the round trip delay that 
occurs before the forWard channel re?ects the fact that the 
reverse channel is noW available. 

A ?rst variation of the present invention further improves 
the ef?ciency of the allocation of time slots along the reverse 
channel, reducing the potential negative effects of the round 
trip time interval on the forWard channel being able to re?ect 
the status ofthe reverse channel. FIGS. 6, 10, 11, 12 and 13 
Will be referred to in describing this variation of the present 
invention. 

FIG. 6 illustrates a plurality of time slots along the forWard 
channel and the reverse channel. In this example it is again 
presumed that the processing time associated With the remote 
unit is negligible. If that is not the case, the principles 
described above With respect to FIG. 17 may be incorporated 
in this arrangement. Time slots T A to TM are provided along 
the forWard channel While time slots T l to T 13 are shoWn on 
the reverse channel. In this con?guration the forWard channel 
includes ?ag information such as that described above With 
respect to FIG. 5. But in addition, the time slots along the 
reverse channel are provided With information or a ?ag as 
Well. This ?ag represents an approximation of the length of 
the remaining data portion that folloWs a given time slot on 
the reverse channel. A clearer understanding of this ?ag and 
its use is achieved When one considers a situation Where 
remote unit one (RU1) transmits in time slot T2 and under 
stands from the contents of time slots TC to TE that it, RU1, 
has successfully seized control of the reverse channel. It then 
begins to transmit the remainder of the data package from 
Which the ?rst data portion of time slot T2 Was selected. This 
begins in time slot T5. Each time slot in the conveyance of the 
remainder of the data package indicates Whether the portion 
of the data portion remaining after the transmission of that 
given time slot exceeds the round trip time interval. Stated a 
different Way, a given time slot of the remaining data portion 
provides an indication of Whether it Will take more time slots 
than ?t in the round trip time interval to transmit the data 
package remaining folloWing the given time slot. In an 
example Where the data package from RU1 is six time slots 
long, the round trip time interval is three time slots, and the 
?rst data package Was successfully transmitted in time slot 
T2, a second data package includes a ?ag, L Which indicates 
an approximate length of the remainder of the data package 
folloWing the second data portion. Here since there Will be 
four additional time slots of data folloWing that in time slot 
T5, the L bit is set to one to re?ect that the remainder of the 
data package exceeds the time slot interval. Similarly, T6 
includes a length indicator again re?ecting that there are at 
least three time slots remaining to be transmitted. When the 
data portion in time slot T7 is arranged, at that time the 
remaining portion of the data package falls beloW the round 
trip time interval. The length indicator is changed to re?ect 
this fact. Here the length indicator is changed to the value 
Zero. Then at the round trip time slot for T7, namely T on the 
forWard channel, the B/ I bit is reset to indicate that the reverse 
channel is available. This is true as by the time the forWard 
channel time slot T1 is received at the end of the round trip 
interval remote unit one has completed its transmission of its 
data package sending its last time slot T9. Since the forWard 
channel has changed the B/I indicator, RU2, Which success 
fully transmitted a data package in time slot T3 but Withheld 
any further transmission in vieW of RU1 ’s prior seiZure of the 
reverse channel, can noW attempt to send a second data pack 










